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structure and includes oxynitride represented by an empirical
formula Ca,Bu, M, Si,, (,,,,,AlL,.,,0,N,s.,, wherein M is at
least one selected from a group consisting of Sr, Lu, La and
Ba, and satisfies 0.5=x<1.1, 0.00005=<y=<0.09, 1.0=m=3.6,
0.001=n=0.2, and 0.00001=<z=<0.1.

16 Claims, 14 Drawing Sheets




US 9,200,200 B2
Page 2

(51) Imt.ClL
HOIL 33/50 (2010.01)
CO9K 11/08 (2006.01)
F21V 8/00 (2006.01)
(52) US.CL
CPC ..o C09K11/7734 (2013.01); F21V 916
(2013.01); GO2B 6/0011 (2013.01); HOIL
33/502 (2013.01); Y02B 20/181 (2013.01)
(56) References Cited

U.S. PATENT DOCUMENTS

8,294,848 B2* 10/2012

2003/0030038 Al 2/2003
2003/0030368 Al 2/2003
2007/0246732 Al 10/2007
2010/0237767 Al 9/2010
2010/0244067 Al* 9/2010

2011/0133629 Al 6/2011

Mitomo et al.
Ellens et al.
Sakuma et al.
Emoto et al.
Winkler ............

Sakata et al.

GO2F 1/133617
349/112

C04B 35/62813
257/98

2011/0279018 Al  11/2011 Emoto et al.
2012/0270049 Al  10/2012 Emoto et al.
2013/0193600 Al 82013 Emoto etal.

FOREIGN PATENT DOCUMENTS

JP 2006-257326 9/2006
JP 3914991 2/2007
JP 4288047 4/2009
KR 10-0772047 10/2007
KR 10-2011-0004916 1/2011
KR 10-2011-0016493 2/2011
WO 2010/087348 8/2010
OTHER PUBLICATIONS

International Preliminary Report on Patentability dated Nov. 19,
2013 issued in International Application No. PCT/KR2012/003972.
Sakuma, K., et al, “Luminescence properties of (Ca, Y)-a-
SiAION:Eu phosphors”, ScienceDirect, Materials Letters 61 (2007)
p. 547-550, © 2006 Elsevier B.V.

International Search Report dated Dec. 12, 2012 issued in corre-
sponding International Application No. PCT/KR2012/003972.

* cited by examiner



U.S. Patent Dec. 1, 2015 Sheet 1 of 14 US 9,200,200 B2

FIG. 1



U.S. Patent Dec. 1, 2015 Sheet 2 of 14 US 9,200,200 B2




U.S. Patent Dec. 1, 2015 Sheet 3 of 14 US 9,200,200 B2




U.S. Patent Dec. 1, 2015 Sheet 4 of 14 US 9,200,200 B2




U.S. Patent Dec. 1, 2015 Sheet 5 of 14 US 9,200,200 B2

FIG. 5



U.S. Patent Dec. 1, 2015 Sheet 6 of 14 US 9,200,200 B2

25000
/N
20000 |- I
/ \
/ \
. 15000 / \
= /
< \
/ \
10000 - / \
/ \
/ \ b
5000} / J
a AN
// ~
o F RN SRR N S NSO WO S [ o = R N
480 510 540 570 600 630 660 690 720 750 780
WAVELENGTH(nm)

FIG. 6



U.S. Patent

AU

24000
22000
20000
18000
16000
14000
12000
10000
8000
8000
4000
2000

Dec. 1, 2015 Sheet 7 of 14 US 9,200,200 B2
B — - -— No Co-doping
B Sr 0.02
i — luo0.02
N /2 \ N 8a 0.01
N Sr 0.03
L N\
L Y A T s~

430 510 540 570 600 630 660 690 720 750 780

WAVELENGTH(nm)

FIG. 7



U.S. Patent

AU,

AU,

Dec. 1, 2015 Sheet 8 of 14

0.9

0.8

| L | L | L | L I t | t
0.00 0.02 0.04 0.06 0.08 0.10 0.12
Sr CONCENTRATION (z)

FIG. 8

L . 1 . I . ! .
0.00 0.05 0.10 0.16 0.20

Ba CONCENTRATION (z)

FIG. 9

US 9,200,200 B2



U.S. Patent Dec. 1, 2015 Sheet 9 of 14 US 9,200,200 B2

1.3 T
1.2k
-1
=
<
1.0
0.9-
0.8 ] s 1 L 1 . ) \ 1 " 1
0.00 0.01 0.02 0.03 0.04 0.05
Lu CONCENTRATION (z)
FIG. 10
T
5
<
T T T T T il
450 500 550 600 650 700 750

WAVELENGTH(nm)

FIG. 11



U.S. Patent Dec. 1, 2015 Sheet 10 of 14 US 9,200,200 B2

w A7
o &
35



U.S. Patent Dec. 1, 2015 Sheet 11 of 14 US 9,200,200 B2

T ,
FIG. 15
60
20
29 \W/ 22 24 ~
24 S
S L .o
i /f/ |
T ( T
! 55 \61 !

FIG. 16



U.S. Patent Dec. 1, 2015 Sheet 12 of 14 US 9,200,200 B2

1305

1320

131of
FIG. 17A
1400
1440
1460/Hrm L feees e rl”
1401 1405

1410

FIG. 178



U.S. Patent Dec. 1, 2015 Sheet 13 of 14 US 9,200,200 B2

1500
1550
1505 1501
295 1501
1510
FIG. 18
1600
1620 1650
1605
1640
FIG. 19A
1700
1750
1720 )
)
1705 1740

FIG. 198



U.S. Patent Dec. 1, 2015 Sheet 14 of 14 US 9,200,200 B2




US 9,200,200 B2

1

PHOSPHOR, LIGHT EMITTING DEVICE,
SURFACE LIGHT SOURCE DEVICE,
DISPLAY DEVICE AND ILLUMINATION
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a 371 national stage entry of PCT/
KR2012/003972 filed on May 18, 2012 which claims priority
under 35 U.S.C. §119(b) to Korean Patent Application No.
10-2011-0047509 filed on May 19, 2011. The contents of
each of which are incorporated herein by reference in their
entirety.

BACKGROUND

1. Field

Aspects of embodiments relate to a phosphor, a light emit-
ting device, a surface light source device, a display device and
an illumination device.

2. Description of the Related Art

In general, a phosphor wavelength conversion material has
been used as a material converting light having a certain
wavelength emitted by various light sources into light having
a desired wavelength. In particular, among various light
sources, light emitting diodes (LEDs) are able to be driven
with low power consumption and have excellent light effi-
ciency, and thus may be effectively applied to liquid crystal
display (LCD) backlight units, vehicle lighting systems, and
home lighting systems. Recently, phosphor materials have
been recognized as a core technology in the manufacturing of
white light emitting devices.

White light emitting devices have been generally manufac-
tured in a scheme in which at least one or more types of
phosphor, for example, a yellow or red phosphor and a blue
phosphor, are applied to a blue or ultraviolet LED chip. In
particular, when a red phosphor is combined with a different
one or more types of phosphors to then be used, it may be
difficult to secure a sufficient color rendering index in a case
in which a full width at half maximum of a respective phos-
phor is relatively low, and there may be limitations in imple-
menting desired natural white light. The color rendering
properties required as above may be important evaluation
terms when white light emitting devices are employed as light
sources for illumination devices.

The white light emitting devices have been generally
manufactured in a scheme of coating blue LEDs with yellow
phosphors. In detail, light emission surfaces of blue LEDs
having GaN/InGaN active layers are coated with yellow
phosphors of YAG (Y;Al;0,,):Ce to thus convert a portion of
blue light into yellow, and converted yellow and a different
portion of blue light are then combined to thereby provide
white light. White light emitting devices according to the
related art configured of the YAG:Ce phosphors (or TAG-
based phosphors) and the blue LEDs as described above have
relatively low color rendering properties. That is, since wave-
lengths of white light obtained using yellow phosphors are
only distributed in blue and yellow and thus color rendering
properties are relatively low, there are limitations in imple-
menting desired natural white light. In addition, in the case of
a silicate phosphor according to the related art, as a yellow
phosphor, the phosphor is unstable with the application of
heat and may thus be unsuitable to be used for high output
LED chips.

In order to improve defects as above, a-SiAlON-based
phosphors have been proposed, and a-SiAlON-based phos-
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phors are known as being able to emit long wavelength light
as compared to YAG:Ce phosphors (see Japanese Patent Laid-
Open Publication No. 2002-363554 or the like). Such a-SiA-
ION-based phosphors have relatively excellent thermal sta-
bility, but have relatively low light emission efficiency as
compared to that of YAG:Ce phosphors. Accordingly, a
scheme for increasing light emission efficiency of a-SiA-
ION-based phosphors has been required.

SUMMARY

An aspect of an embodiment provides a high brightness
a-SiAlON-based phosphor having improved light emission
efficiency.

An aspect of an embodiment provides a white light emit-
ting device, a surface light source device, an illumination
device and a display device using the phosphor described
above.

According to an aspect of the inventive concept, there is
provided a phosphor including an a-type Si;N,, crystal struc-
ture and including oxinitride represented by an empirical
formula Ca,Bu M, Si,, (,,,,,AL,,,O,N s ., wherein M is at
least one selected from a group consisting of Sr, Lu, La and
Ba, and satisfies 0.5=x<1.1, 0.00005=<y=<0.09, 1.0=m=3.6,
0.001=n=0.2, and 0.00001=<z=<0.1.

M may include two or more types of elements selected
from the group, and all of the two or more types of elements
may satisfy 0.00001=z<0.1.

M may be Sr and may satisfy 0.00001=z<0.05.

M may be Ba and may satisfy 0.00001=<z<0.1.

M may be Lu and may satisfy 0.00001=z=<0.04.

According to an aspect of the inventive concept, there is
provided a white light emitting device including: a light emit-
ting device emitting excitation light; a phosphor disposed in
the vicinity of the light emitting device to convert a wave-
length of atleast a portion of the excitation light and including
the empirical formula of at least one of claims 1 to 5; and at
least one light emitting element emitting a wavelength of light
different from that of the light emitting device and the phos-
phor and provided by at least one of an additional light emit-
ting device and a different type of phosphor.

The white light emitting device may further include a pack-
age body including a groove part in which the light emitting
device is mounted.

The white light emitting device may further include a resin
encapsulation unit encapsulating the light emitting device,
and at least one of the phosphor and the different type of
phosphor may be distributed within the resin encapsulation
unit.

The phosphor and the different type of phosphor may
respectively forma plurality of different phosphor-containing
resin layers, and the plurality of phosphor-containing resin
layers may have a stacked structure.

The phosphor may be provided in ceramic plate form.

According to an aspect of the inventive concept, there is
provided a surface light source device using, as a wavelength
converting material, the phosphor described above.

According to an aspect of the inventive concept, there is
provided a surface light source device including: a light guide
plate; and alight source module disposed on at least one side
of'the light guide plate to provide light to an inside of the light
guide plate, wherein the light source module includes a circuit
board and a plurality of white light emitting devices mounted
on the circuit board and using, as a wavelength converting
material, the phosphor described above.
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According to an aspect of the inventive concept, there is
provided a display device using, as a wavelength converting
material, the phosphor described above.

According to an aspect of the inventive concept, there is
provided a display device including: an image display panel
displaying an image; and a backlight unit providing light to
the image display panel and including the surface light source
device described above.

According to an aspect of the inventive concept, there is
provided an illumination device using, as a wavelength con-
verting material, the phosphor described above.

According to an aspect of the inventive concept, there is
provided an illumination device including: a light source
module; and a diffusion sheet disposed on the light source
module and allowing light incident from the light source
module to be uniformly diffused thereon, wherein the light
source module includes a circuit board and a plurality of
white light emitting devices mounted on the circuit board and
using, as a wavelength converting material, the phosphor
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings, in which:

FIGS. 1 to 5 are images captured using a scanning electron
microscope (SEM), illustrating forms of metal element par-
ticles used for a-SiAION-based phosphors;

FIG. 6 is a graph illustrating light emission spectra of two
types of phosphors added in amounts different from those of
metal elements used in an a-SiAlON-based phosphor;

FIG. 7 is a graphillustrating light emission spectra depend-
ing on metal elements used in an a-SiAlON-based phosphor;

FIG. 8 is a graph illustrating light emission characteristics
depending on an amount of Sr added to an a-SiAlON-based
phosphor;

FIG. 9 is a graph illustrating light emission characteristics
depending on an amount of Ba added to an a-SiAlON-based
phosphor;

FIG.10is a graph illustrating light emission characteristics
depending on an amount of Lu added to an a.-SiAlON-based
phosphor;

FIG. 11 is a graph illustrating light emission spectra of an
a-SiAlON-based phosphor according to an embodiment and
a phosphor of a comparative example;

FIGS. 12 to 14 are schematic views of white light emitting
devices according to respective embodiments;

FIGS. 15 and 16 are schematic views of white light source
modules according to an embodiment;

FIGS. 17A to 19B are cross-sectional views illustrating
examples of backlight units according to various embodi-
ments; and

FIG. 20 is an exploded perspective view of a display device
according to an embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

Embodiments will now be described in detail with refer-
ence to the accompanying drawings.

Embodiments may, however, be embodied in many difter-
ent forms and should not be construed as being limited to
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the inventive concept
to those skilled in the art. In the drawings, the shapes and
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dimensions of elements may be exaggerated for clarity, and
the same reference numerals will be used throughout to des-
ignate the same or like elements.

A phosphor according to an embodiment may have an
a-type Si;N, crystal structure and include oxynitride repre-
sented by an empirical formula Ca,Bu M,Si,; ., AL,
O, N, _,, wherein the empirical formula may satisfy the fol-
lowing conditions.

(1) M s at least one selected from a group consisting of Sr,
Lu, La and Ba

(2)0.5=x<1.1

(3) 0.5=y=<0.09

(4) 1.0=m=3.6

(5)0.001=n=<0.2

(6) 0.00001<z<0.1

The phosphor according to the embodiment may be an
a-SiAlON-based phosphor obtained by adding all of Ca and
M (at least one selected from a group consisting of Sr, Lu, La
and Ba) together with Eu, an active agent, to a SIAION host
lattice having an a-type Si;N, crystal structure. The a-SiA-
ION-based phosphor may be a phosphor exhibiting light
emissions having a yellow region using ultraviolet light or
blue light as excitation light and may be used in white light
emitting devices due to having relatively excellent thermal
stability. The a-SiAION-based phosphor may be obtained
using a method of weighing and mixing respective materials
using a silicon nitride powder, an aluminum nitride powder, a
calcium carbonate powder and a europium oxide powder as
initial materials, in a predetermined amount thereof, to then
be sintered at a high temperature under the atmosphere of N,
or the like.

In the case of the a-SiAlON-based phosphor, Ca>* ions
having a relatively small size may be employed in an empty
sphere of a host matrix, and in detail, in the case of the present
embodiment, Sr, Lu, La and Ba may be co-doped in addition
to using Ca. In addition, further improved light emission
efficiency as compared with an existing a-SiAlON-based
phosphor may be obtained by allowing an M element co-
coped with Ca to be provided in a suitable amount thereof.

FIGS. 1to 5 are images captured using a scanning electron
microscope (SEM), illustrating forms of metal element par-
ticles used in a-SiAlON-based phosphors. In this case, a
basic composition of the a-SiAION-based phosphor may be
Cag 575804 038115 (AL O, N6, Here, FIG. 1 illus-
trates a state in which only Ca is employed therein, that is, a
phosphor of a composition not including M, FIG. 2 illustrates
aphosphor ofa composition in which Luis included under the
condition of z=0.005, FIG. 3 illustrates a phosphor of a com-
position in which Sr is included under the condition of
7=0.03, FIG. 4 illustrates a phosphor of a composition in
which Sr is included under the condition of z=0.3, and F1G. 5
illustrates a phosphor of a composition in which Ba is
included under the condition of z=0.03.

FIG. 6 is a graph illustrating light emission spectra of two
types of phosphors having different amounts of metal ele-
ments added to the a-SiAlON-based phosphor. In FIG. 6, ‘a’
refers to a phosphor of'a composition in which an amount x of
Cais 0.28 and metal element M is not added, and ‘b’ refers to
aphosphor of a composition in which an addition amount x of
Ca is 0.875 and an addition amount z of Sr is 0.02. As illus-
trated in FIG. 6, light emission characteristics may be excel-
lent in the case in which the phosphor of the composition
proposed according to the present embodiment and particu-
larly Sr are included. Hereinafter, an influence depending on
a type and an addition amount of a metal element used in the
a-SiAlON-based phosphor will be described in more detail.
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FIG. 7 is a graphillustrating light emission spectra depend-
ing on metal elements used in an a.-SiAlON-based phosphor.
In this case, when a metal element M is not separately added,
a basic composition may be Ca, 57585 535115 (Al
O,N,,_, as per the foregoing description. With reference to
FIG. 7, it may be appreciated that the a.-SiAION-based phos-
phor has a yellow light emission peak and light emission
characteristics are improved in the case of being used together
with Sr, Lu and Ba as compared with a case in which Ca is
only used. In more detail, for example, the most excellent
light emission characteristics were exhibited in the case of the
phosphor of the composition in which Sr was included under
the condition of z=0.02. Hereinafter, an a.-SiAlION-based
phosphor composition will be described through light emis-
sion characteristics depending on the content of a metal ele-
ment M used in the a-SiAION-based phosphor. In this case, a
basic composition of the a-SiAlION-based phosphor includ-
ing the metal element M added thereto may be
Cag 575E0.035112- gram ALyamOnN 1 6.

FIG. 8 is a graph illustrating light emission characteristics
depending on an amount of Sr added to an a-SiAlON-based
phosphor and results obtained by measuring brightness by
applying a phosphor to a package. In this case, the compari-
son of light emission characteristics is carried out through the
case in which Sr is added to an a-SiAlON-based phosphor as
described above and a case of a composition in which Sr is not
added. With reference to FIG. 8, when Sr is added together
with Ca, light emission characteristics through phosphors
provided in a light emitting device may be improved and may
be further improved in terms of a composition in which an
amount of Sr is around 0.02. Then, brightness may be reduced
according to an increase in the amount of Sr, and it can be
appreciated that when the amount of Sr is greater than around
0.05, a reduction in brightness is relatively great. Therefore,
the amount of Sr may be within a range of 0.00001=z<0.05.

FIG. 9 is a graph illustrating light emission characteristics
depending on an amount of Ba added to an a-SiAlON-based
phosphor and results obtained by measuring brightness by
applying a phosphor to a package. In this case, the compari-
son of light emission characteristics is carried out through the
case in which Ba is added to an a-SiAlON-based phosphor as
described above and a case of a composition in which Ba is
not added. With reference to FIG. 9, when Ba is added
together with Ca, light emission characteristics through phos-
phors provided in the light emitting device may be improved
and may be further improved in a composition in which an
amount of Ba is around 0.02 to 0.03. Then, brightness may be
maintained at a comparatively constant level thereof accord-
ing to an increase in the amount of Ba. Thereafter, it can be
appreciated that when the amount of Ba is greater than around
1.0, areduced degree of brightness is relatively great. There-
fore, the amount of Ba may be within a range of
0.00001=z<0.1.

FIG.10is a graph illustrating light emission characteristics
depending on an amount of Lu added to an a.-SiAlON-based
phosphor and results obtained by measuring brightness by
applying a phosphor to a package. In this case, the compari-
son of light emission characteristics is carried out through the
case in which Lu is added to an a-SiAlON-based phosphor as
described above and a case of a composition in which Lu is
not added. With reference to FIG. 10, when Lu is added
together with Ca, light emission characteristics through phos-
phors provided in the light emitting device may be improved
and may be further improved in a composition in which an
amount of Lu is around 0.02. Then, it can be appreciated that
brightness is reduced according to an increase in the amount
of Lu and a reduced extent of brightness is relatively great in
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a case in which the amount of Luis greater than around 0.03.
Therefore, the amount of Lu may be within a range of
0.00001=z<0.03.

FIG. 11 is a graph illustrating light emission spectra of an
a-SiAlON-based phosphor according to an embodiment and
a phosphor of a comparative example. In this case, ‘a’ refers
a phosphor proposed according to an embodiment of the
inventive concept and has a composition of
Cay 47580 03516 055115 (i ALy O, N6, While ‘b’ refers
to a silicate-based yellow phosphor according to the related
art. With reference to FIG. 11, it can be appreciated that
although the a-SiAlON-based phosphor according to the
embodiment shows a light emission spectrum similar to the
silicate-based phosphor, a yellow region is further reinforced.

As such, when as ametal element, Sr, Lu, La or Bais added,
together with Ca, to the a-SiAlON-based phosphor in a range
of'an addition amount suitable therefor as in the embodiments
as above, excellent light emission characteristics may be pro-
vided while maintaining yellow light emission characteris-
tics. In addition, the phosphors as described above may be
widely used in light emitting devices, display devices, and the
like to be described below.

FIGS. 12 to 14 are schematic views of white light emitting
devices according to respective embodiments. First, as shown
in FIG. 12, a white light emitting device 10 according to the
present embodiment may include a blue LED chip 15 and a
resin encapsulation unit 19 encapsulating the blue LED chip
15 and having an upwardly convex lens shape. The resin
encapsulation unit 19 used according to the present embodi-
ment may have a hemispherical lens shape so as to secure
relatively wide directivity. The blue LED chip 15 may be
directly mounted on a separate circuit board. The resin encap-
sulation unit 19 may be formed of the silicon rein described
above, an epoxy resin or a combination thereof. Inside the
resin encapsulation unit 19, as at least one wavelength con-
verting material, for example, a yellow phosphor 12 may be
included, and in addition to the yellow phosphor 12, phos-
phors 14 emitting peak wavelengths of green, red or the like
may be distributed.

As the yellow phosphor 12 employable according to the
present embodiment, as described above, the a-SiAION-
based phosphor in which Ca and a metal element, that is, M,
are used together may be used. In addition, when as the
phosphor 14, a green phosphor is used, a §-SiAION phosphor,
an oxinitride phosphor represented by an empirical formula
M,A O,N(y,,, or oxinitride represented by M,A,O.
N(2/33a4@/3yp—(2/3)0)» My be used as a phosphor. Here, M may
be at least one group II element selected from a group con-
sisting of Be, Mg, Ca, Sr and Zn, A may be at least one group
IV element selected from a group consisting of C, Si, Ge, Sn,
Ti, Zr and Hf. In addition, when as the phosphor 14, a red
phosphor is used, at least one selected from a nitride-based
phosphor of M1AISIN,:Re(1=x<5), sulfide-based phosphor
of M1D:Re and a silicate-based phosphor of (Sr,L),Si0,_,
N,:Bu (here, 0<x<4 and y=2x/3) may be used. Here, M1 may
be at least one element selected from Ba, Sr, Ca and Mg, and
D may be at least one element selected from S, Se and Te. In
addition, L. may be at least one group 1 element selected from
a group consisting of Ba, Ca and Mg or may be at least one
group [ element selected from a group consisting of Li, Na, K,
Rb and Cs. D may be at least one selected from S, Se and Te,
and Re may be at least one selected from Y, La, Ce, Nd, Pm,
Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, F, CI, Br and 1.

As such, white light having a relatively high color render-
ing index of 70 or higher may be provided in a form in which
a specific yellow phosphor and green and red phosphors are
combined in consideration of at least one of a half-width, a
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peak wavelength, conversion efficiency and the like. In addi-
tion, since light of several wavelength bands may be obtained
through the plurality of phosphors, color reproduction char-
acteristics may be enhanced. On the other hand, in the red
phosphor described above, in the case of the silicate-based
phosphor of (Sr,L.),810,_,N :Bu, the range of x may satisfy
the condition of 0.15=x<3. A portion of Si in the empirical
formula described above may be substituted with a different
element, for example, at least one element selected from a
group consisting of B, Al, Ga and In, and unlike the descrip-
tion above, may be substituted with at least one element
selected from a group consisting of Ti, Zr, Gf, Sn and Pb.

Then, in the case of an embodiment with reference to FIG.
13, a white light emitting device 20 may include a package
body 21 having a reflective cup formed in a central portion
thereof, a blue LED chip 25 mounted on the bottom of the
reflective cup, and a transparent resin encapsulation unit 29
disposed within the reflective cup and encapsulating the blue
LED chip 25. The resin encapsulation unit 29 may be formed
of, for example, a silicon resin, an epoxy resin or a combina-
tion thereof. In the present embodiment, the resin encapsula-
tion unit 29 may include the yellow phosphor 22 described
with reference to FIG. 12 and phosphors 24 and 26 emitting a
color different therefrom, for example, green or red.

On the other hand, although the embodiment described
above provides the case of the form in which two or more
types of phosphor powder particles are mixed with each other
to be distributed in a single resin encapsulation unit, various
modification embodiments through different structures may
be carried out. In further detail, the above-mentioned two or
three types of phosphors may have different layer structures.
For example, the green phosphor, the red phosphor and the
yellow or yellowish-orange phosphor may be provided as a
phosphor film having at least one layer structure, for example,
in ceramic plate form, by distributing phosphor powder par-
ticles at a relatively high pressure.

Unlike the description above, as shown in FIG. 14, a white
light emitting device may be implemented to have a structure
including a plurality of phosphor-contained resin layers. With
reference to FIG. 14, a white light emitting device 30 may
include a package body 31 having a reflective cup formed in
a central portion thereof, a blue LED 35 mounted on the
bottom of the reflective cup, and a transparent resin encapsu-
lation unit 39 disposed within the reflective cup and encap-
sulating the blue LED 35, similarly to the foregoing embodi-
ment. Resin layers containing different phosphors may be
provided on the resin encapsulation unit 39. That is, a wave-
length conversion unit may be configured to include a first
resin layer 32 containing the green phosphor, a second resin
layer 34 containing the yellow phosphor, and a third resin
layer 36 containing the red phosphor. A sequence in which the
first to third resin layers 32, 34 and 36 are stacked may be
changed as needed.

Meanwhile, a white light source module according to an
embodiment of the inventive concept may be usefully
employed as a light source for an LCD backlight unit. That is,
the white light source module according to the embodiment
may be provided as a light source for an LCD backlight unit
and may be combined with several optical members, for
example, a diffusion plate, alight guard plate, a reflective
plate, a prism sheet, and the like, to thereby configure a
backlight assembly. FIGS. 15 and 16 illustrate white light
source modules as above. With reference to FIG. 15, a light
source module 50 for an LCD backlight may include a circuit
board 51 and a plurality of white LED devices 10 mounted
thereon to be arrayed. A conductive pattern (not shown) may
be formed on an upper surface of the circuit board 51 to be
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connected to the LED devices 10. The respective white LED
device 10 illustrated in FIG. 15 may be considered to be the
white LED device described with reference to FIG. 12. That
is, a blue LED 15 may be directly mounted on the circuit
board 51 in a chip onboard (COB) scheme. The configuration
of respective white LED devices 10 may include a hemi-
spheric resin encapsulation unit 19 having a lens function
without a separate reflective wall, such that respective white
LED devices 10 may have relatively wide beam angles. A
wide angle of the spread beam of the respective white light
source may contribute to a reduction in the size, for example,
a thickness or a width, of an LCD display.

With reference to FIG. 16, a light source module 60 for an
LCD backlight may include a circuit board 61 and a plurality
of white LED devices 20 mounted thereon to be arrayed. As
described with reference to F1G. 14, the white LED device 20
may include the blue LED chip 25 mounted within the reflec-
tive cup in the package body 21 and the resin encapsulation
unit 29 encapsulating the blue LED chip 25, and the resin
encapsulation unit 29 may include a yellow phosphor 22 and
phosphors 24 and 26 emitting a color different therefrom, for
example, green or red.

On the other hand, FIGS. 17A and 17B are cross-sectional
views illustrating examples of a back light unit according to
various embodiments. As an example of a backlight unit in
which a light emitting diode package according to an embodi-
ment of the inventive concept is applied as alight source, an
edge-type backlight unit 1300 is illustrated in FIG. 17A. The
edge-type backlight unit 1300 according to the present
embodiment may include a light guide plate 1340 and LED
light source modules 1310 provided on both sides of the light
guide plate 1340. Although the present embodiment illus-
trates the example in which the LED light source modules
1310 are provided on both opposing sides of the light guide
plate 1340, the LED light source module 1310 may only be
disposed on a single side thereof, and unlike the description
above, additional LED light source modules may also be
provided on other sides. As illustrated in FIG. 17A, a reflec-
tive plate 1320 may be further provided on a lower part of the
light guide plate 1340. The LED light source module 1310
used in the present embodiment may include a printed circuit
board 1301 and a plurality of LED light sources 1305
mounted on the board 1301, and the LED light sources 1305
may be provided using a light emitting device package
employing the foregoing phosphor, to be applied thereto.

As an example of another-type backlight unit, FIG. 17B
illustrates a direct-type backlight unit 1400. The direct-type
backlight unit 1400 according to the present embodiment
may include a light diftusion plate 1440 and LED light source
modules 1410 arrayed on a lower surface of the light diffusion
plate 1440. The backlight unit 1400 illustrated in FIG. 17B
may include a bottom case 1460 provided with a lower part of
the light diffusion plate 1440 and receiving the light source
modules. The LED light source module 1410 employed in the
present embodiment may include the printed circuit board
1401 and the plurality of LED light sources 1405 mounted on
an upper surface of the printed circuit board 1401. The plu-
rality of LED light sources may be light emitting device
packages using the above-mentioned phosphors as wave-
length conversion materials.

In addition to the embodiments described above, the phos-
phor may not be directly disposed within a package in which
an LED is located, but may be disposed in a different con-
stituent element of the backlight unit to be able to convert
light. The embodiments as described above are illustrated in
FIGS. 18 to 19B. First, as shown in FIG. 18, a direct-type
backlight unit 1500 according to an embodiment may include
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a phosphor film 1550 and an LED light source module 1510
arrayed on a lower surface of the phosphor film 1550. The
backlight unit 1500 illustrated in FIG. 18 may include a
bottom case 1560 receiving the light source module 1510.
According to the present embodiment, the phosphor film
1550 may be disposed on an upper surface of the bottom case
1560. A wavelength of at least a portion of light emitted from
the light source module 1510 may be changed by the phos-
phor film 1550. Although the phosphor film 1550 may be
manufactured as a separate film to be applied, the phosphor
film 1550 may be provided in a form in which it is integrated
with the light diffusion plate. Here, the LED light source
module 1510 may include a printed circuit board 1501 and a
plurality of LED light sources 1505 mounted on the printed
circuit board 1501.

FIGS. 19A and 19B illustrate edge-type backlight units
according to embodiments of the inventive concept. An edge-
type backlight unit 1600 shown in FIG. 19A may include a
light guide plate 1640 and an LED light source 1605 provided
with one side of the light guide plate 1640. Light from the
LED light source 1605 may be guided to the interior of the
light guide plate 1640 through a reflective structure 1620. In
the present embodiment, a phosphor film 1650 may be inter-
posed between a side of the light guide plate 1640 and the
LED light source 1605. An edge-type backlight unit 1700
shown in FIG. 19B may include alight guide plate 1740 and
an LED light source 1705 and a reflective structure 1720
provided with one side of the light guide plate 1740. The
present embodiment illustrates a manner in which a phosphor
film 1750 is applied to a light emission surface of the light
guide plate. As described above, the phosphor according to
the embodiment may also be implemented to be applied to
other devices such as a backlight unit or the like instead of
being directly applied to the LED light source.

FIG. 20 is an exploded perspective view of a display device
according to an embodiment. The display device 2400 shown
in FIG. 20 may include a backlight unit 2200 and an image
display panel 2300 such as a liquid crystal panel. The back-
light unit 2200 may include a light guide plate 2240 and an
LED light source module 2100 provided on at least one side
of' the light guide plate 2240. In the present embodiment, the
backlight unit 2200 may further include a bottom case 2210
and a reflective plate 2220 disposed below the light guide
plate 2240 as shown in FIG. 20. In addition, according to the
requirements for various optical characteristics, the display
device may include several types of optical sheets 2260 such
as a diffusion sheet, a prism sheet or a protective sheet
between the light guide plate 2240 and the liquid crystal panel
2300.

The LED light source module 2100 may include a printed
circuit board 2110 provided with at least one side of the light
guide plate 2240 and a plurality of LED light sources 2150
mounted on the printed circuit substrate 2110 to allow light to
be incident onto the light guide plate 2240. The plurality of
LED light sources 2150 may be the above-mentioned light
emitting device packages. The plurality of LED light sources
employed in the present embodiment may be side view-type
light emitting device packages of which sides adjacent to a
light emission surface are mounted.

As described above, the above-mentioned phosphor may
be applied to a package having various mounting structures to
be applied to an LED light source module providing various
types of white light. The above-mentioned light emitting
device package or the above-mentioned light source module
including the same may be applied to various types of display
devices or illumination apparatuses.
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As set forth above, according to an embodiment of the
inventive concept, a high brightness a-SiAlION-based phos-
phor having relatively high light emission efficiency may be
provided, and a white light emitting device, a surface light
source device, an illumination device and a display device
using the phosphor as described above may be provided.

While the inventive concept has been shown and described
in connection with embodiments, it will be apparent to those
skilled in the art that modifications and variations could be
made without departing from the spirit and scope of the
present inventive concept as defined by the appended claims.

What is claimed is:

1. A phosphor comprising an a-type Si;N,, crystal structure
and comprising oxynitride represented by an empirical for-
mulaCa BuM_Si, ,..,AlL,,O,Ns ., wherein Mis at least
one selected from a group consisting of Sr, Lu, L.a and Ba, and
satisfies 0.5=x=l1.1, 0.00005<y<0.09, 1.0=m=3.6,
0.001=n=0.2, and 0.00001=<z=<0.1.

2. The phosphor of claim 1, wherein M includes two or
more types of elements selected from the group, and all of the
two or more types of elements satisfy 0.00001=z<0.1.

3. The phosphor of claim 1, wherein M is Sr and satisfies
0.00001=z<0.05.

4. The phosphor of claim 1, wherein M is Ba and satisfies
0.00001=z<0.1.

5. The phosphor of claim 1, wherein M is Lu and satisfies
0.00001=z<0.04.

6. A white light emitting device comprising:

a light emitting device emitting excitation light;

a phosphor disposed in the vicinity of the light emitting
device to convert a wavelength of at least a portion of the
excitation light and including the empirical formula of at
least one of claim 1; and

at least one light emitting element emitting a wavelength of
light different from that of the light emitting device and
the phosphor and provided by at least one of an addi-
tional light emitting device and a different type of phos-
phor.

7. The white light emitting device of claim 6, further com-
prising a package body including a groove part in which the
light emitting device is mounted.

8. The white light emitting device of claim 6, further com-
prising a resin encapsulation unit encapsulating the light
emitting device, at least one of the phosphor and the different
type of phosphor being distributed within the resin encapsu-
lation unit.

9. The white light emitting device of claim 6, wherein the
phosphor and the different type of phosphor respectively
form aplurality of different phosphor-containing resin layers,
and the plurality of phosphor-containing resin layers have a
stacked structure.

10. The white light emitting device of claim 6, wherein the
phosphor is provided in ceramic plate form.

11. A surface light source device using, as a wavelength
converting material, the phosphor of claim 1.

12. A surface light source device comprising:

a light guide plate; and

a light source module disposed on at least one side of the
light guide plate to provide light to an inside of the light
guide plate,

wherein the light source module includes a circuit board
and a plurality of white light emitting devices mounted
on the circuit board and using, as a wavelength convert-
ing material, the phosphor of claim 1.

13. A display device using, as a wavelength converting

material, the phosphor of claim 1.
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14. A display device comprising:

an image display panel displaying an image; and

a backlight unit providing light to the image display panel
and including the surface light source device of claim 12.

15. An illumination device using, as a wavelength convert-

ing material, the phosphor of claim 1.

16. An illumination device comprising:

a light source module; and

a diffusion sheet disposed on the light source module and
allowing light incident from the light source module to
be uniformly diffused thereon,

wherein the light source module includes a circuit board
and a plurality of white light emitting devices mounted
on the circuit board and using, as a wavelength convert-
ing material, the phosphor of claim 1.
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